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(57) A spot welding apparatus (10) according to the
presentinvention includes: a circular cylindrical cam (12)
having an outer circumferential surface, in which a spi-
ral-shaped large lead cam groove (12a) inclined at a
steep angle and a spiral-shaped small lead cam groove
(12b) inclined at a gentle angle are formed; and a pres-
surizing shaft (13) including a plurality of rollers (R1, R2)
insertable into the respective cam grooves (12a, 12b)
and configured to move along an axis of rotation of the
circular cylindrical cam (12) when the circular cylindrical
cam (12) rotates. When the rollers (R1, R2) are inserted
into the large lead cam groove (12a), a roller (R1, R2)
located at one end side of a row comes into contact with
one of two sides surfaces of the cam groove (12a) and
a roller (R1, R2) located at another end side of the row
comes into contact with the other one of the two side
surfaces of the cam groove (12a), and when the rollers
(R1, R2) are inserted into the small lead cam groove
(12b), each of the rollers (R1, R2) comes into contact
with at least one of one side surface and the other side
surface of two side surfaces of the cam groove (12b).

PRESSURIZING DEVICE, AND WELDING DEVICE
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a pressurizing
apparatus and a welding apparatus, which are capable
of converting rotary motion of a motor into linear motion
to generate a pressing force required for spot welding
and the like by this linear motion.

BACKGROUND ART

[0002] Ball screw is known as a mechanism for con-
verting rotary motion of a motor into linear motion. The
ball screw includes a uniform spiral external thread
formed on a shaft that is rotated by a motor, and an in-
ternal thread of a nut of a moving portion that is engaged
with the external thread through steel balls. In this con-
figuration, when the shaft rotates, the moving portion
moves linearly in accordance with the linear motion of
the nut. A required performance of the ball screw can be
obtained, for example, by making the lead of the screw
larger to increase the moving speed of the moving por-
tion, and by making the lead of the screw smaller to in-
crease a thrust. Because the thread is uniform, increas-
ing the moving speed and increasing the thrust are in
inverse relationship to each other.

[0003] A spot welding gun disclosed in Patent Litera-
ture Document 1 is known as a pressurizing apparatus
which can improve the inverse relationship between the
moving speed and the thrust of this ball screw mechanism
to generate a pressurizing force. This spot welding gun
includes a circular cylindrical cam having a hollow por-
tion, and a rod fitted into the hollow portion of the circular
cylindrical cam; when rotating the circular cylindrical cam
by a servo motor, the rod is caused to move linearly to
perform a pressurizing operation. This mechanism is
achieved by a pair of ball bearings each provided at a
distal end of a pin projecting from the outer circumferen-
tial surface of the rod, and a pair of spiral cam grooves
each formed in the inner circumferential surface of the
circular cylindrical cam, into which the respective ball
bearings are fitted. When the circular cylindrical cam ro-
tates, the cam grooves are caused to rotate in accord-
ance with the rotation of the circular cylindrical cam, so
that the ball bearings moving in the cam grooves are
caused to move linearly.

[0004] Each cam groove forms an idle running section
and a pressurizing section. In the idle running section, a
cam groove angle (cam lead) made between a plane
orthogonal to an axis of rotation and the cam groove is
large, and the cam groove is inclined steeply. In contrast,
in the pressurizing section, the cam groove angle is small,
and the cam groove is inclined gently. In the idle running
section, the rod reciprocates linearly at high speed but
applies a small pressurizing force. In the pressurizing
section, the rod reciprocates at low speed but applies a
large pressurizing force. In other words, the rod moves
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faster as the cam lead becomes larger (large lead cam
groove), and moves slower while applying a larger pres-
surizing force as the cam lead becomes smaller (small
lead cam).

CITATION LIST
PATENT LITERATURE DOCUMENT(S)

[0005] Patent Literature Document 1: JP

HO07-124752A
SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0006] In a conventional cam mechanism in combina-
tion of a general cam groove and a pair of rollers, if the
cam lead in the idle running section and the cam lead in
the pressurizing section are varied and the cam grooves
are formed to extend in excess of one complete spiral
turn in the pressurizing section, the stroke length will be
longer. However, it is necessary that the diameter of the
rollers and the width of the cam grooves be made larger
so thatone roller can withstand a large pressurizing force.
Further, if the width of the cam groove is made larger,
the pitch of the cam groove becomes larger in proportion
to the increased width of the cam groove. Accordingly, it
is difficult for the conventional structure to make the cam
lead smaller in the pressurizing section.

[0007] Patent Literature Document 1 as described
above discloses a cam groove formed to extend in a
range of 90 degrees in the circumferential direction at a
position corresponding to the pressurizing section. How-
ever, in order to ensure a practical stroke length (e.g., 30
mm) in the pressurizing section by the length of the cam
groove formed in the range of 90 degrees, the cam lead
inevitably becomes larger. For this reason, a large-sized
motor with a large rotation torque is required to obtain a
large pressurizing force.

[0008] Further, Patent Literature Document 1 disclos-
es two cam grooves offset from each other by 180 de-
grees in phase in the circumferential direction of the cir-
cumferential surface of the circular cylindrical cam; in this
mechanism, a load applied to the ball bearings is evenly
distributed. However, it is necessary that the cam
grooves be formed without intersecting each other and
with the two cam grooves separated from each other by
apredetermined pitch, so thatin orderto satisfy the above
prerequisite, the cam lead becomes inevitably larger or
the stroke length becomes inevitably shorter.

[0009] In view of the above, the present invention
seeks to provide a pressurizing apparatus and a welding
apparatus, in which the cam lead in the pressurizing sec-
tion can be made smaller and simultaneously the stroke
length in the pressurizing section can be made longer.
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SOLUTION TO PROBLEM

[0010] To solve the above problem, the presentinven-
tion seeks to provide a pressurizing apparatus compris-
ing: a cam member having an outer circumferential sur-
face, in which a spiral lead cam groove is formed; a pres-
surizing member including a plurality of projections in-
serted into the lead cam groove, and configured to move
along an axis of rotation of the cam member when the
cam member rotates, wherein the lead cam groove con-
sists of a large lead cam groove inclined at a first angle
relative to a plane orthogonal to the axis of rotation, and
a small lead cam groove inclined at a second angle that
is smaller than the first angle relative to the plane orthog-
onal to the axis of rotation, the large lead cam groove
and the small lead cam groove being continuously con-
nected to form the lead cam groove, and wherein when
the plurality of projections are inserted into the large lead
cam groove, a projection located at one end side of a
row comes into contact with one of two side surfaces of
the large lead cam groove and a projection located at
another end side of the row comes into contact with the
other one of the two side surfaces of the large lead cam
groove, and when the plurality of projections are inserted
into the small lead cam groove, each of the plurality of
projections comes into contact with at least one of one
side surface and the other side surface of two side sur-
faces of the small lead cam groove.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0011] According to the present invention, there can
be provided a pressurizing apparatus and a welding ap-
paratus, in which the cam lead in the pressurizing section
can be made smaller and simultaneously the stroke
length in the pressurizing section can be made longer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1 is a partly sectional side view illustrating a
structure of a spot welding apparatus, to which a
pressurizing apparatus according to the first embod-
iment of the present invention is applied.

FIG. 2is a view illustrating a state in which two rollers
are inserted into a large lead cam groove of a circular
cylindrical cam of the spot welding apparatus accord-
ing to the first embodiment.

FIG. 3 is a developed view of cam grooves, in which
alarge lead cam groove and a smalllead cam groove
of the circular cylindrical cam are developed in ac-
cordance with rotation angles of the circular cylindri-
cal cam in the range of -720 to 0 to 720 degrees.
FIG. 4A is a plan view illustrating a state in which
two rollers jutting out from a roller-attachment portion
provided over a pressurizing shaft of the spotwelding
apparatus are inserted into the large lead cam
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groove.
FIG. 4B is a plan view illustrating a state in which the
two rollers jutting out from the roller-attachment por-
tion are inserted into the small lead cam groove.
FIG. 5 is a view illustrating a state in which the two
rollers are inserted into the small lead cam groove
of the circular cylindrical cam.

FIG. 6 is a side view illustrating a structure of four
large lead cam grooves and a single small lead cam
groove, which are formed in a circular cylindrical cam
of a spot welding apparatus, to which a pressurizing
apparatus according to the second embodiment of
the present invention is applied; in this figure, four
pairs of rollers are inserted into the large lead cam
grooves and some of the rollers are exposed to view.
FIG. 7 is aside view illustrating a state in which some
of the rollers are exposed to view while the four pairs
ofrollers are inserted into the small lead cam groove.
FIG. 8A is a plan view illustrating a state in which
four pairs of rollers (each including two as a pair)
jutting out from a roller-attachment portion provided
over a pressurizing shaft are inserted into the four
large lead cam grooves.

FIG. 8B is a plan view illustrating a state in which the
four pairs of rollers are inserted into the small lead
cam groove.

FIG. 9 is a developed view of cam grooves, in which
the four large lead cam grooves and the single small
lead cam groove that are formed in the circumferen-
tial surface of the circular cylindrical cam are devel-
oped in accordance with rotation angles of the cir-
cular cylindrical cam in the range of -1080 to 0 to 990
degrees.

DESCRIPTION OF EMBODIMENTS

[0013] One embodiment of the present invention will
be described below with reference to the drawings.

<Structure of First embodiment

[0014] FIG. 1 is a partly sectional side view illustrating
a structure of a spot welding apparatus, to which a pres-
surizing apparatus according to the first embodiment of
the present invention is applied.

[0015] The spot welding apparatus 10 shown in FIG.
1 is configured to weld metallic material members such
as a plurality of sheet metal members (workpieces) 1a,
1b having been superposed one on another while pres-
surizing the metallic material members under a large
pressurizing force. The spot welding apparatus 10 in-
cludes a main body frame 11 in the form of a circular
cylindrical box, a circular cylindrical cam (cam member)
12 embedded into the interior of the main body frame 11,
a circular cylindrical pressurizing shaft (pressurizing
member) 13 fitted together with the circular cylindrical
cam 12, and a servo motor 14 having a rotary shaft 14r
that is connected to a rotary shaft 12r of the circular cy-
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lindrical cam 12.

[0016] The main body frame 11 includes a circular cy-
lindrical body frame 11a, an upper frame 11b disposed
on an upper portion of the body frame 11a, and a lower
frame 11c disposed on a lower portion of the body frame
11a.

[0017] The upper frame 11b has a circular cylindrical
cavity 11b1 penetrating through the upper frame 11b in
the upper-lower direction; in this cavity 11b1, a connector
16 for connecting the rotary shaft 14r of the servo motor
14 and the rotary shaft 12r of the circular cylindrical cam
12 is received. The upper frame 11b has a through hole
under the cavity 11b1, and a ball bearing 17 is provided
in the through hole. An upper portion of the rotary shaft
12r of the circular cylindrical cam 12 that is connected
through the connector 16 is inserted into and rotatably
supported by the ball bearing 17.

[0018] The lower frame 11c has a recess portion 11¢1
at a position corresponding to the through hole of the
upper frame 11b in the upper-lower direction, and a ball
bearing 17 is provided in the recess portion 11c1. A lower
portion of the rotary shaft 12r of the circular cylindrical
cam 12 is inserted into and rotatably supported by the
ball bearing 17. Further, the lower frame 11c has a
through hole beside the recess portion 11c1, into which
through hole a circular cylindrical slide bearing 18 is fitted.
A circular cylindrical rod 13a of the pressurizing shaft 13
is inserted into and slidably received by the slide bearing
18.

[0019] As seen in FIG. 2, the circular cylindrical cam
12 is a circular cylinder having the rotary shaft 12r, and
a spiral cam groove (lead) is formed in the outer circum-
ferential surface of the circular cylinder. The circular cy-
lindrical cam 12 includes an idle running section 20a, in
which a large lead cam groove 12a is formed (i.e., a cam
groove angle (cam lead) of the spiral cam groove is a
first angle). Further, the circular cylindrical cam 12 in-
cludes a pressurizing section 20b under the idle running
section 20a, in which a small lead cam groove 12b is
formed (i.e., the cam groove angle of the spiral cam
groove is a second angle that is smaller than the first
angle). The lead width of the large lead cam groove 12a
in the upper-lower direction is wider than that of the small
lead cam groove 12b. Further, the groove width of the
large lead cam groove 12a is wider than that of the small
lead cam groove 12b. It should, however, be noted that
the first angle and the second angle are determined
based on a moving speed and a pressurizing force re-
quired for the pressurizing shaft 13 to be described later.
Further, the large lead cam groove 12a and the small
lead cam groove 12b are continuously connected to form
a lead cam groove defined in the claims.

[0020] To explain further, in the large lead cam groove
12a, the cam groove is inclined steeply at a first angle
that is a steep cam groove angle larger than a predeter-
mined angle. Meanwhile, in the small lead cam groove
12b, the cam groove is inclined gently at a second angle
that is a gentle cam groove angle smaller than the pre-
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determined angle. In a boundary portion between the
large lead cam groove 12a and the smalllead cam groove
12b, side surfaces of the groove have rounded corners.
It should be noted that the large lead cam groove 12a
and the small lead cam groove 12b are simply referred
to as cam grooves 12a, 12b.

[0021] FIG. 3is adeveloped view of cam grooves 12a,
12b, in which the large lead cam groove 12a and the
small lead cam groove 12b formed in the circumferential
surface of the circular cylindrical cam 12 are developed
in accordance with rotation angles of the circular cylin-
drical cam 12 in the range of -720 to 0 to 720 degrees.
As illustrated in the range of 0 to 720 degrees of FIG. 3,
the large lead cam groove 12a makes two complete spiral
turns in the outer circumferential surface of the circular
cylindrical cam 12. As illustrated in the range of 0 to -720
degrees, the smalllead cam groove 12b makes two com-
plete spiral turns in the outer circumferential surface of
the circular cylindrical cam 12.

[0022] The pressurizing shaft 13 shown in FIG. 1 in-
cludes a roller-attachment portion 13b fixed to an upper
end of the rod 13a. As seen in the plan view of FIG. 4A,
two rollers (projections) R1, R2 that are adjacent to each
other and offset in the upper-lower direction are attached
to the roller-attachment portion 13b. These rollers R1,
R2 are rotatably attached to shafts protruding laterally
from a circular arc-shaped side surface of the roller-at-
tachment portion 13b. The rollers R1, R2 are inserted
into the large lead cam groove 12a. Further, the rollers
R1, R2 are disposed such that one roller R1 is located
higher than the other roller R2. Although the rollers con-
stitute projections defined in the claims, unlike the rollers,
the projections may be non-rotatable protruding portions.
[0023] As seenin FIG. 5, when the circular cylindrical
cam 12 rotates, each of the rollers R1, R2 is also inserted
into the small lead cam groove 12b. The two rollers R1,
R2 having been inserted into the small lead cam groove
12b are shown in the plan view of FIG. 4B. Insertion of
the rollers R1, R2 into the cam groove 12a and insertion
of the rod 13a into the slide bearing 18 as shown in FIG.
1 make it possible to combine the pressurizing shaft 13
and the circular cylindrical cam 12. A downwardly pro-
truding protrusion-like welding electrode 19 is fixed to a
lower end of the pressurizing shaft 13. The welding elec-
trode 19 is configured to weld a plurality of sheet metal
members 1a, 1b while pressurizing (pressing) them at a
high pressure.

[0024] AsseeninFIG. 2, when each of the rollers R1,
R2 is inserted into the large lead cam groove 12a, the
roller R1 located at an upper side (upper roller) comes
into contact with the lower side surface (one side surface)
of the cam groove 12a by a lower side of the circumfer-
ential surface thereof, and the roller R2 located at a lower
side (lower roller) comes into contact with the upper side
surface (the other side surface) of the cam groove 12a
by an upper side of the circumferential surface thereof.

[0025] Further, as seen in FIG. 5, when each of the
rollers R1, R2 is inserted into the small lead cam groove
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12b, the roller R1 and the roller R2 come into contact
with the upper side surface or the lower side surface of
the cam groove 12b by their upper sides and lower sides
of the circumferential surfaces.

[0026] When the circular cylindrical cam 12 rotates to
the left (rotating from the left side to the right side in FIG.
2 as viewed from the front side of the figure) in accord-
ance with the rotation of the servo motor 14 to the left
(leftward rotation), the lower roller R2 in the large lead
cam groove 12a is pressed downward as shown by the
arrow Y2 by the upper steeply inclined surface of the cam
groove 12a that is inclined at a steep angle. Each of the
rollers R1, R2 moves downward by this downward press-
ing force (Y2). According to this downward movement of
therollers R1, R2, the pressurizing shaft 13 moves down-
ward with the welding electrode 19 positioned at the front
end in the moving direction.

[0027] In contrast, when the servo motor 14 rotates to
the right (rightward rotation), the circular cylindrical cam
12 rotates to the right (rotating from the right side to the
left side in FIG. 2 as viewed from the front side of the
figure), so that the upper roller R1 in the large lead cam
groove 12ais pressed upward as shown by the arrow Y3
by the lower steeply inclined surface of the cam groove
12a. Each of the rollers R1, R2 moves upward by this
upward pressing force (Y3). According to this upward
movement of the rollers R1, R2, the pressurizing shaft
13 moves upward with the welding electrode 19 posi-
tioned at the rear end in the moving direction.

[0028] Since the rollers R1, R2 are pressed by the
steeply inclined surfaces of the cam groove 12a while
the rollers R1, R2 move in the large lead cam groove
12a, the rollers R1, R2 move fast, and accordingly the
pressurizing shaft 13 moves fast as well.

[0029] Meanwhile, when the circular cylindrical cam 12
rotates to the left while each of the rollers R1, R2 is in-
serted into the small lead cam groove 12b as shown in
FIG. 5, the roller R1 and the roller R2 are pressed down-
ward as shown by the arrows Y4a, Y4b by the upper
gently inclined surface of the cam groove 12b that is in-
clined at a gentle angle. Each of the rollers R1, R2 moves
downward by this downward pressing force, so that the
pressurizing shaft 13 moves downward with the welding
electrode 19 positioned at the front end in the moving
direction.

[0030] In contrast, when the circular cylindrical cam 12
rotates to theright, the rollers R1, R2 are pressed upward
as shown by the arrows Y5a, Y5b by the lower gently
inclined surface of the cam groove 12b. Each oftherollers
R1, R2 moves upward by this upward pressing force, so
that the pressurizing shaft 13 moves upward with the
welding electrode 19 positioned at the rear end in the
moving direction.

[0031] SincetherollerR1 andtheroller R2 are pressed
simultaneously by the gently inclined surface of the small
lead cam groove 12b while the rollers R1, R2 move down-
ward, the pressing force applied to the rollers R1, R2 is
distributed.
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<Operation of First embodiment

[0032] Next, description will be given to a pressurizing
operation, in which a plurality of sheet metal members
1a, 1b superposed one on another are pressed and weld-
ed together using the spot welding apparatus 10, to which
the pressurizing apparatus according to the first embod-
iment is applied.

[0033] As a precondition, it is supposed that as seen
in FIG. 3, the rollers R1, R2 are inserted into the large
lead cam groove 12a at the uppermost position H1 of the
idle running section 20a. At this insertion position of the
rollers R1, R2 into the cam groove 12a, the circular cy-
lindrical cam 12 rotates approximately by 540 degrees.
At this time, the welding electrode 19 of the pressurizing
shaft 13 is located at the uppermost position.

[0034] When the circular cylindrical cam 12 rotates to
the left by the leftward rotation of the servo motor 14, the
lower roller R2 inserted into the large lead cam groove
12a is pressed downward (as shown by the arrow Y2 in
FIG. 2) by the steeply inclined surface of the cam groove
12a and thus moves fast. Accordingly, the pressurizing
shaft 13 moves fast downward, so that as seen in FIG.
3, the welding electrode 19 moves fast downward as
shown by the arrow Y6.

[0035] By this fast movement, among the rollers R1,
R2, the leading roller R2 located frontward in the moving
direction crosses downward the boundary H2 between
the large lead cam groove 12a and the small lead cam
groove 12b, and then the trailing roller R1 located rear-
ward in the moving direction reaches the boundary H2.
At this position, the roller R1 and the roller R2 lie on both
sides of the rotation angle of -90 degrees (-90 degrees
exists between the roller R1 and the roller R2). At this
position around the rotation angle of -90 degrees, the two
rollers R1, R2 are inserted into the small lead cam groove
12b, and the welding electrode 19 is located at a position
immediately above and adjacent to the sheet metal mem-
bers 1a, 1b.

[0036] The rollers R1, R2 in this position are pressed
downward simultaneously (as shown by the arrows Y4a,
Y4b in FIG. 5) by the gently inclined surface of the cam
groove 12b, so that the pressing force applied to the roll-
ers R1, R2 by the gently inclined surface is distributed.
In other words, a load (pressing force) applied to one
roller R1 or R2 is small. However, since the side surfaces
of the small lead cam groove 12b, by which the rollers
R1, R2 are pressed, are gently inclined surfaces, the
pressing force applied to the rollers R1, R2 by the gently
inclined surfaces is larger than that applied by the steeply
inclined surfaces.

[0037] Further, the rollers R1, R2 move downward, so
that the welding electrode 19 presses the sheet metal
members 1a, 1b by the pressurizing force equal to the
load (pressing force) applied to all the rollers R1, R2 in
accordance with the movement of the rollers R1, R2. Dur-
ing the pressurization of the welding electrode 19, the
sheet metal members 1a, 1b are welded together by the
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welding electrode 19. When the rollers R1, R2 move fur-
ther downward, the rollers R1, R2 reach the lowermost
position H3 of the small lead cam groove 12b and stop.
[0038] It should be noted that the number of rollers
inserted into the cam groove 12a, 12b may be three or
more. For example, if the number of rollers is three, when
the rollers are inserted into the large lead cam groove
12a, the roller located at one end side of a row comes
into contact with the upper steeply inclined surface of the
cam groove 12a by the upper side of the circumferential
surface thereof, and the roller located at the other end
side of the row comes into contact with the lower steeply
inclined surface of the cam groove 12a by the lower side
of the circumferential surface thereof. Further, in the
small lead cam groove 12b, the plurality of rollers come
into contact with the upper and lower surfaces of the cam
groove 12b.

<Advantageous effects of First embodiment>

[0039] As described above, the spot welding appara-
tus 10, to which the pressurizing apparatus according to
the first embodiment is applied, includes: the circular cy-
lindrical cam 12 having the outer circumferential surface,
in which the spral lead cam groove is formed; the pres-
surizing shaft 13 including a plurality of rollers R1, R2
protruding therefrom and inserted into the lead cam
groove, and configured to move along an axis of rotation
of the circular cylindrical cam 12 when the circular cylin-
drical cam 12 rotates. The lead cam groove consists of
the large lead cam groove 12a inclined at a first angle
relative to a plane orthogonal to the rotary shaft 12r, and
the smalllead cam groove 12b inclined at a second angle
that is smaller than the first angle relative to the plane
orthogonal to the rotary shaft 12r; the large lead cam
groove 12a and the small lead cam groove 12b are con-
tinuously connected to form the lead cam groove. When
the plurality of rollers R1, R2 are inserted into the large
lead cam groove 12a, the roller R1, R2 located at one
end side of a row comes into contact with one of two side
surfaces of the large lead cam groove 12a and the roller
R1, R2 located at another end side of the row comes into
contact with the other one of the two side surfaces of the
large lead cam groove 12a, and when the plurality of
rollers R1, R2 are inserted into the small lead cam groove
12b, each of the plurality of rollers R1, R2 comes into
contact with at least one of the one side surface and the
other side surface of the small lead cam groove 12b.

[0040] With this configuration, when the circular cylin-
drical cam 12 rotates in accordance with the rotation of
the servo motor 14 on condition that the rotary shaft of
the circular cylindrical cam 12 is coupled to a rotary shaft
of the servo motor 14, the plurality of rollers R1, R2 move,
for example, in the large lead cam groove 12a and then
enter and move in the small lead cam groove 12b. While
the rollers R1, R2 move in the large lead cam groove
12a, the roller R1, R2 located at one end side of the row
is pressed by the steeply inclined surface of the large
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lead cam groove 12a inclined at the first angle that is
steeper than the second angle. Accordingly, each of the
rollers R1, R2 moves fast in a direction of the shaft, so
that the pressurizing shaft 13 moves fast in the direction
of the rotary shaft in accordance with the movement of
the rollers R1, R2.

[0041] Meanwhile, while the rollers R1, R2 move in the
small lead cam groove 12b, the plurality of rollers R1, R2
are pressed simultaneously by the gently inclined surface
of the small lead cam groove 12b that is inclined at the
second angle gentler than the first angle. Accordingly,
the force applied to the rollers R1, R2 by the gently in-
clined surface is distributed. In other words, since the
pressing force applied to one roller R1 or R2 becomes
smaller, the size of the rollers R1, R2 can be reduced.
Since the groove width and the cam ridge of the small
lead cam groove 12b that are formed spirally in the cir-
cumferential surface of the circular cylindrical cam 12 are
reduced in size in accordance with this downsizing of the
rollers R1, R2, it is possible to reduce the size of the cam
lead.

[0042] Since the pressing force applied by the gently
inclined surface of the small lead cam groove 12b is dis-
tributed by the plurality of rollers R1, R2, the lead cam
groove is less likely to be damaged due to the pressing
force applied to the rollers R1, R2.

[0043] With this configuration, since the smalllead cam
groove 12b extending in excess of at least one complete
spiral turn is formed in the outer circumferential surface
of the circular cylindrical cam 12, the stroke length of the
pressurizing section is made longer. If the cam lead is
smaller in the pressurizing section, the rotation torque of
the circular cylindrical cam 12 may be made smaller in
accordance thereto. It is therefore possible to make the
cam lead smaller in the pressurizing section and simul-
taneously to make the stroke length of the pressurizing
section longer in the pressurizing section. Accordingly,
the servo motor 14 for rotating the circular cylindrical cam
12 can be fabricated by a small-sized servo motor with
a low rotation torque.

[0044] According to the technique disclosed in Patent
Literature Document 1, the circular cylindrical cam 12
has asmalllead cam groove (lead) with one quarter spiral
turn; suppose that the lead width of this quarter cam
groove in the upper-lower direction is, for example, 30
mm as a practical stroke length, the lead width becomes
120 mm for one complete turn and 240 mm for two com-
plete turns. In contrast, according to this embodiment,
suppose that the pressurizing force of a general welding
gun is 5,000 N, the lead width can be 30 mm for two
complete turns, so that as compared with Patent Litera-
ture Document 1, the ratio of the lead width becomes
one-eighth (i.e., 30 mm /240 mm = 1/8). For this reason,
according to this embodiment, a small-sized servo motor
14 with a rotation torque of one-eighth of the motor used
in Patent Literature Document 1 can be used.

[0045] In the spot welding apparatus 10, to which the
pressurizing apparatus is applied, various advantages,
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such as reducing the size of the spot welding apparatus
10, reducing the electric power consumption, and reduc-
ing the cost, can be obtained by the use of this small-
sized servo motor 14.

[0046] Since the rollers R1, R2 do not receive a large
load (pressurizing force)in the idle running section where
a workpiece is not pressurized, among the two rollers
R1, R2, only one roller R2 located at one end side comes
into contact with the side surface of the large lead cam
groove 12a to cause the pressurizing shaft 13 to move
fast. Accordingly, the cycle time required for pressurizing
a workpiece in the pressurizing process can be made
shorter for instance.

<Configuration of Second embodiment>

[0047] FIG. 6 is a side view illustrating a structure of
four large lead cam grooves 41-44 and a single small
lead cam groove 45, which are formed in a circular cy-
lindrical cam 40 of a spot welding apparatus, to which a
pressurizing apparatus according to the second embod-
iment of the present invention is applied; in this figure,
four pairs of rollers R11-R18 are inserted into the large
lead cam grooves 41-44 and some of the rollers R11,
R16, R17, R18 are exposed to view.

[0048] FIG. 7 is a side view illustrating the structures
of the four large lead cam grooves 41-44 and the single
small lead cam groove 45 as well as illustrating a state
in which some of the rollers R11, R12, R13, R18 are
exposed to view while the four pairs of rollers R11-R18
are inserted into the small lead cam groove 45.

[0049] FIG. 8Aisaplanview illustrating a state in which
four pairs (four sets) of rollers (projections) R11, R12;
R13, R14; R15, R16; R17, R18 (each including two as a
pair (a set)) jutting out from the roller-attachment portion
33b provided over the pressurizing shaft 33 are inserted
into the four large lead cam grooves 41, 42, 43, 44. FIG.
8B is a plan view illustrating a state in which the four pairs
of rollers R11-R18 are inserted into the small lead cam
groove 45. It should be noted that the large lead cam
grooves 41-44 and the small lead cam groove 45 are
continuously connected to form the lead cam groove de-
fined in the claims.

[0050] FIG. 9 is a developed view of cam grooves
41-44,45, in which the four large lead cam grooves 41-44
and the single small lead cam groove 45 that are formed
in the circumferential surface of the circular cylindrical
cam (cam member) 40 are developed in accordance with
rotation angles of the circular cylindrical cam 40 in the
range of -1080 to 0 to 990 degrees.

[0051] The spotwelding apparatus 30 according to the
second embodiment and the spot welding apparatus 10
according to the first embodiment as shown in FIG. 1 are
different in that the circular cylindrical cam 40 and the
pressurizing shaft (pressurizing member) 33 are config-
ured as described below.

[0052] Namely, as seen in FIG. 6, the circular cylindri-
cal cam 40 rotatable about the rotary shaft 40r has four
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large lead cam grooves 41-44 (see FIG. 9) formed in the
outer circumferential surface thereof at a steep angle;
the four large lead cam grooves 41-44 are disposed par-
allel to and separated from each other. Lower ends of
the cam grooves 41-44 are connected to an upper end
of the single small lead cam groove 45 that is formed to
be inclined at a gentle angle. A portion of the circular
cylindrical cam 40 where the four large lead cam grooves
41-44 are formed is an idle running section 50a, and a
portion of the circular cylindrical cam 40 where the single
small lead cam groove 45 is formed is a pressurizing
section 50a. Atboundary portions between the large lead
cam grooves 41-44 and the small lead cam groove 45,
side surfaces of the grooves partly have rounded corners
(see FIG. 9).

[0053] The large lead cam groove 41 is referred to as
a first cam groove 41, the large lead cam groove 42 is
referred to as a second cam groove 42, the large lead
cam groove 43 is referred to as a third cam groove 43,
and the large lead cam groove 44 is referred to as a fourth
cam groove 44.

[0054] As seen in FIG. 8A, the pressurizing shaft 33
includes an annular-shaped roller-attachment portion
33b, and two rods 33a1, 33a2 protruding downward from
a lower surface of the roller-attachment portion 33b and
disposed opposite to each other. A protrusion-like weld-
ing electrode 19a1, 19a2 is fixed to a lower end of each
of the rods 33a1, 33a2.

[0055] Four pairs of rollers R11-R18 are attached to
an inner circumferential surface of the roller-attachment
portion 33b such that they are arranged circumferentially
at regular intervals. The rollers R11-R18 are rotatably
attached to shafts each protruding from the inner circum-
ferential surface of the roller-attachment portion 33b to-
ward the center of the inner circle. The rollers R11-R18
are insertable into the large lead cam grooves 41-44 or
the small lead cam groove 45 (see FIG. 8B).

[0056] The rollers R11-R18 are arranged on the inner
circumferential surface of the roller-attachment portion
33b with height differences made therebetween such that
they are aligned spirally in the large lead cam grooves
41-44 and in the small lead cam groove 45. In other
words, the rollers R11-R18 are attached to the inner cir-
cumferential surface of the roller-attachment portion 33b
at slant height positions such that when the rollers R11-
R18 are inserted into the small lead cam groove 45 as
shown in FIG. 9, the rollers R11-R18 come into contact
with the upper side surface or the lower side surface of
the cam groove 45. As seen in FIG. 9, the rollers R11-
R18 are arranged at the same angle as the inclined angle
of the small lead cam groove 12b.

[0057] In the large lead cam groove 41-44 shown in
FIG. 9, a pair of rollers R11, R12 (also referred to as the
first setofrollersR11, R12)located at the highest position
are inserted into the first cam groove 41, and then a pair
of rollers R13, R14 (also referred to as the second set of
rollers R13, R14) located at the second highest position
are inserted into the second cam groove 42. Further, a



13 EP 3 725 449 A1 14

pair of rollers R15, R16 (also referred to as the third set
of rollers R15, R16) located at the third highest position
are inserted into the third cam groove 43, and then a pair
of rollers R17, R18 (also referred to as the fourth set of
rollers R17, R18) located at the lowest position are in-
serted into the fourth cam groove 44.

[0058] When the first set of rollers R11, R12 are insert-
ed into the first cam groove 41, the roller R11 located at
the upper side comes into contact with the lower side
surface of the first cam groove 41 by the lower side of
the circumferential surface of the roller R11 and the roller
R12 located at the lower side comes into contact with the
upper side surface of the first cam groove 41 by the upper
side of the circumferential surface of the roller R12.
[0059] When the second set of rollers R13, R14 are
inserted into the second cam groove 42, the roller R13
located at the upper side comes into contact with the
lower side surface of the second cam groove 42 by the
lower side of the circumferential surface of the roller R13
and the roller R14 located at the lower side comes into
contact with the upper side surface of the second cam
groove 42 by the upper side of the circumferential surface
of the roller R14.

[0060] When the third set of rollers R15, R16 are in-
serted into the third cam groove 43, the roller R15 located
at the upper side comes into contact with the lower side
surface of the third cam groove 43 by the lower side of
the circumferential surface of the roller R15 and the roller
R16 located at the lower side comes into contact with the
upper side surface of the third cam groove 43 by the
upper side of the circumferential surface of the roller R16.
[0061] When the fourth set of rollers R17, R18 are in-
serted into the fourth cam groove 44, the roller R17 lo-
cated at the upper side comes into contact with the lower
side surface of the fourth cam groove 44 by the lower
side of the circumferential surface of the roller R17 and
the roller R18 located at the lower side comes into contact
with the upper side surface of the fourth cam groove 44
by the upper side of the circumferential surface of the
roller R18.

[0062] When the circular cylindrical cam 40 (see FIG.
6) rotates to the left, the lower rollers R12, R14, R16,
R18, among the four pairs of rollers R11-R18 in the large
lead cam grooves 41-44, are pressed downward simul-
taneously by the upper steeply inclined surfaces of the
respective cam grooves 41-44. Each of the rollers R11-
R18 moves downward by this downward pressing force,
so that the pressurizing shaft 40 moves downward with
the welding electrodes 19a1, 19a2 positioned at the front
end in the moving direction.

[0063] In contrast, when the circular cylindrical cam 40
(see FIG. 6) rotates to the right, the upper rollers R11,
R13, R15, R17, among the four pairs of rollers R11-R18
in the large lead cam grooves 41-44, are pressed upward
by the lower steeply inclined surfaces of the respective
cam grooves 41-44. Each of the rollers R11-R18 moves
upward by this upward pressing force, so that the pres-
surizing shaft 33 moves upward with the welding elec-
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trodes 19a1, 19a2 positioned at the rear end in the mov-
ing direction.

[0064] Since the rollers R11-R18 are pressed by the
steeply inclined surfaces of the cam grooves 41-44 while
the rollers R11-R18 move in the large lead cam grooves
41-44, the rollers R11-R18 move fast, and accordingly
the pressurizing shaft 33 moves fast as well.

[0065] Further, as seenin FIG. 9, when the plurality of
rollers R11-R18 are inserted into the small lead cam
groove 45, the rollers R11-R18 come into contact with
the upper side surface or the lower side surface of the
small lead cam groove 45 by their upper sides and lower
sides of the circumferential surfaces.

[0066] When the circular cylindrical cam 40 (see FIG.
7) rotates to the left while each of the rollers R11-R18 is
inserted into the small lead cam groove 45, the plurality
of rollers R11-R18 are pressed downward simultaneous-
ly by the upper gently inclined surface of the cam groove
45. Each of the rollers R11-R18 moves downward by this
downward pressing force, so that the pressurizing shaft
33 moves downward with the welding electrodes 19a1,
19a2 positioned at the front end in the moving direction.
[0067] Since the plurality of rollers R11-R18 (four pairs
at the maximum) are pressed simultaneously by the gen-
tly inclined surface of the small lead cam groove 45 while
the rollers R11-R18 move downward, the pressing force
(load) applied to the rollers R11-R18 is distributed.
[0068] In contrast, when the circular cylindrical cam 40
(see FIG. 7) rotates to the right, the plurality of rollers
R11-R18 (four pairs at the maximum) are pressed up-
ward by the lower gently inclined surface of the cam
groove 45. Each of the rollers R11-R18 moves upward
by this upward pressing force, so that the pressurizing
shaft 33 moves upward with the welding electrodes 19a1,
19a2 positioned at the rear end in the moving direction.

<Operation of Second embodiment

[0069] Next, description will be given to a pressurizing
operation, in which a plurality of sheet metal members
1a, 1b (see FIG. 1) superposed one on another are weld-
ed together using the spot welding apparatus 30, to which
the pressurizing apparatus according to the second em-
bodiment is applied.

[0070] As a precondition, it is supposed that as seen
in FIG. 9, each of the rollers R11-R18 is inserted into the
corresponding large lead cam groove 41-44 at the up-
permost position H11 of the idle running section 50a. At
this insertion position of the rollers R11-R18 into the cam
grooves 41-44, the rotation angle of the circular cylindri-
cal cam 40 is approximately 600-990 degrees. At this
time, the welding electrodes 19a1, 19a2 of the pressu-
rizing shaft 13 are located at the uppermost position.
[0071] When the circular cylindrical cam 40 rotates to
the left by the leftward rotation of the servo motor 14 (see
FIG. 1), the lower rollers R12, R14, R16, R18, among
the pairs of rollers R11-R18 inserted into the correspond-
inglarge lead cam grooves 41-44, are pressed downward
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by the upper steeply inclined surfaces of the cam grooves
41-44 and thus move fast. Accordingly, the pressurizing
shaft 33 moves fast downward, so that the welding elec-
trodes 19a1, 19a2 move fast downward as well.

[0072] By this movement, among the rollers R11-R18,
the leading roller R18 located in the frontmost position in
the moving direction first crosses downward the bound-
ary H12 between the first cam groove 41 and the small
lead cam groove 45, and then the trailing roller R17 lo-
cated rearward of the roller R18 crosses the boundary
H12 downward. Next, the third set of rollers R16, R15
cross the boundary H12 downward. Then, the second
set of rollers R14, R13 cross the boundary H12 down-
ward. After that, the first set of rollers R12, R11 move
downward to reach the boundary H12. In this reaching
position, the welding electrodes 19a1, 19a2 are located
ata position immediately above and adjacent to the sheet
metal members 1a, 1b.

[0073] Therollers R11-R18 are pressed downward si-
multaneously by the upper gently inclined surface of the
small lead cam groove 45, so that the pressing force ap-
plied to the rollers R11-R18 by the gently incline surface
is distributed. In other words, a load (pressing force) ap-
plied to one roller is small. However, since the side sur-
faces ofthe smalllead cam groove 45, by which the rollers
R1-R18 are pressed, are gently inclined surfaces, the
pressing force applied to the rollers R11-R18 by the gen-
tly inclined surfaces is larger than that applied by the
steeply inclined surfaces.

[0074] Further, the rollers R11-R18 move downward,
sothatthe welding electrodes 19a1, 19a2 press the sheet
metal members 1a, 1b by the pressurizing force equal to
the load (pressing force) applied to all the rollers R11-
R18 in accordance with the movement of the rollers R11-
R18. During the pressurization of the welding electrodes
19a1, 19a2, the sheet metal members 1a, 1b are welded
together by the welding electrode 19a1 or the welding
electrode 19a2. When the rollers R11-R18 move further
downward, the trailing roller R11 located at the rear end
in the traveling direction reaches the lowermost position
H3 of the small lead cam groove 45 and stops.

[0075] Although the above-described embodiment in-
cludes four large lead cam grooves 41-44, the number
of large lead cam grooves is not limited; for example, the
number of large lead cam grooves may be two or more,
and plural sets of rollers, each including a plurality of
rollers as a set, may be inserted into the corresponding
large lead cam grooves.

<Advantageous effects of Second embodiment>

[0076] As described above, in the spot welding appa-
ratus 30, to which the pressurizing apparatus according
to the second embodiment is applied, the lead cam
groove includes four large lead cam grooves 41-44 that
are branched from a single small lead cam groove 45.
The pressurizing shaft 33 includes four sets of rollers
R11-R18 each including two rollers. The four sets of roll-
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ers R11-R18 are inserted into the four large lead cam
grooves 41-44, respectively, and allthe four sets of rollers
R11-R18 are inserted into the single small lead cam
groove 45.

[0077] With this configuration, the four sets of rollers
R11-R18 are pressed simultaneously by the gently in-
clined surface of the single small lead cam groove 45,
the pressing force is reduced to one quarter as compared
with an alternative configuration in which one set of rollers
are pressed simultaneously by the gently inclined sur-
face. In other words, since the pressing force applied to
one roller is greatly reduced, the size of the rollers can
be greatly reduced. Further, the cam ridge by which the
reaction force of the roller is received can be reduced in
width. In accordance with this downsizing of the rollers,
the cam lead of the small lead cam groove 45 that is
formed spirally in the outer circumferential surface of the
circular cylindrical cam 40 can be reduced in size.
[0078] Since the pressing force applied by the gently
inclined surface of the small lead cam groove 45 is dis-
tributed by the plurality of rollers R11-R18, the lead cam
groove is less likely to be damaged due to the pressing
force applied to the rollers R11-R18.

[0079] With this configuration, since the smalllead cam
groove 45 extending in excess of at least one complete
spiral turn is formed in the outer circumferential surface
of the circular cylindrical cam 40, the stroke length of the
pressurizing section is made longer. If the cam lead is
smaller in the pressurizing section, the rotation torque of
the circular cylindrical cam 40 may be made smaller in
accordance thereto. It is therefore possible to make the
cam lead smaller in the pressurizing section and simul-
taneously to make the stroke length of the pressurizing
section longer in the pressurizing section. Accordingly,
the servo motor 14 for rotating the circular cylindrical cam
40 can be fabricated by a small-sized servo motor with
a low rotation torque.

[0080] Various changes and/or modifications may be
made where appropriate to specific configurations of the
above-described embodiments without departing from
the gist of the present invention. Other than the above-
described spot welding apparatus 10, 30, to which the
pressurizing apparatus has been applied, the pressuriz-
ing apparatus according to the present invention is ap-
plicable to other apparatuses, such as a friction stir weld-
ing apparatus, a press working apparatus, a press-fitting
apparatus, a swaging apparatus, a seam welding appa-
ratus, and a projection welding apparatus.

DESCRIPTION OF REFERENCE NUMERALS

[0081]

1a, 1b sheet metal member
10, 30 spot welding apparatus
11 main body frame

11a body frame

11b upper frame



EP 3 725 449 A1 18

17

11b1 cavity

11c lower frame

11c1 recess portion

12, 40 circular cylindrical cam

12r, 40r rotary shaft of the circular cylindri- 5

cal cam

12a, 41-44 large lead cam groove

12b, 45 small lead cam groove

13, 33 pressurizing shaft

13a, 33a1, 33a2 rod 10

13b, 33b roller-attachment portion

14 servo motor

14r rotary shaft of the servo motor

16 connector

17 ball bearing 15

18 slide bearing

19, 19a1, 19a2 welding electrode

20a, 50a idle running section

20b, 50b pressurizing section

R1, R2,R11-R18  roller 20

Claims

1. A pressurizing apparatus comprising: 25
a cam member having an outer circumferential
surface, in which a spiral lead cam groove is
formed;
a pressurizing member including a plurality of 30
projections inserted into the lead cam groove,
and configured to move along an axis of rotation
of the cam member when the cam member ro-
tates,
wherein the lead cam groove consists of alarge 35
lead cam groove inclined at a first angle relative
to a plane orthogonal to the axis of rotation, and
a small lead cam groove inclined at a second
angle that is smaller than the first angle relative
to the plane orthogonal to the axis of rotation, 40
the large lead cam groove and the small lead
cam groove being continuously connected to
form the lead cam groove, and
wherein when the plurality of projections are in-
serted into the large lead cam groove, a projec- 45
tion located at one end side of a row comes into
contact with one of two side surfaces of the large
lead cam groove and a projection located at an-
other end side of the row comes into contact with
the other one of the two side surfaces of the 50
large lead cam groove, and when the plurality
of projections are inserted into the small lead
cam groove, each of the plurality of projections
comes into contact with at least one of one side
surface and the other side surface of two side 55

surfaces of the small lead cam groove.

2. The pressurizing apparatus according to claim 1,

10

wherein the lead cam groove includes a plurality of
large lead cam grooves that are branched from a
single small lead cam groove,

wherein the pressurizing member comprises plural
sets of projections each including the plurality of pro-
jections, and

wherein the plural sets of projections are insertable
into the plurality of large lead cam grooves, respec-
tively, and all the plural sets of projections are insert-
able into the single small lead cam groove.

A welding apparatus comprising the pressurizing ap-
paratus according to claim 1,

wherein the pressurizing member is a pressurizing
electrode configured to contact a workpiece and to
pressurize a portion to be welded.
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